Gut dysbiosis contributes to the development of various human diseases. There are 24 thousands of publications per year for investigating the role of gut microbiota in 25 development of various diseases. However, emerging evidence has indicated data 26 inconsistency between different studies frequently, but gained very little attention by 27 scientists. There are many factors that can cause data variation and inconsistency during 28 the process of microbiota study, in particular, sample storage conditions and subsequent 29 sequencing process. Here, we systemically evaluated the impacts of six fecal sample 30 storage conditions (including -80 ℃, -80 ℃ with 70% ethanol (ET_-80 ℃), 4°C with 70% 31 ethanol (ET_4℃), and three commercial storage reagents including OMNIgene•GUT 32 OMR-200 (GT), MGIEasy (MGIE), and Longsee (LS)), storage periods (1, 2 weeks or 6 33 months), and sequencing platform on gut microbiome profile using 16S rRNA gene 34 sequencing. Our results suggested that -80℃ is acceptable for fecal sample storage, and 35 the addition of 70% ethanol offers some benefits. Meanwhile, we found that samples in 36 ET_4 ℃and GT reagents are comparable, both introduced multi-dimensional variations.
into sterile 50 ml tubes, homogenized, and then aliquoted. Next, these aliquots were treated 127 8 with a range of preservatives. Bacterial DNA were extracted at 4 time points: on the day of 128 sampling ("Fresh") as well as after 1 week, 2 weeks, and 6 months of storage, followed by 129 DNA extraction and 16S rRNA gene sequencing. 
RESULTS

132
Do different storage conditions lead to variation in DNA yield or quality? 133 Qualified DNA is the basis for microbial study, which varies among different DNA 134 extraction protocols (14) . To determine the impact of fecal storage conditions on bacterial 135 genomic DNA quality, we evaluated the concentration and purity of DNA extracted with 136 same protocol from samples under different storage conditions. Despite obvious 137 fluctuations, our results showed that DNA concentrations were comparable among most 138 samples, except for the relatively higher in MGIE and lower DNA concentrations in GT 139 and LS reagents at the 3 time points of storage ( Fig. 2a ). Meanwhile, DNA quality was 140 evaluated with the absorption ratio of 260/280 nm. We found that most samples showed 141 satisfactory value in 260/280 from 1.8 to 2.0, except for samples stored in LS reagents with 142 relatively lower 260/280 value. Notably, DNA concentration of samples stored in GT 143 reagents showed obvious reduction with time ( Fig. 2b) . Taken together, our current data 144 suggested that most storage conditions had minor and acceptable impacts on DNA yields 145 or quality, whereas samples in LS reagents showed relatively lower yields and quality. Do different storage conditions affect bacterial diversity? 154 Bacterial diversity is the main character for investigating the role of gut microbiota in 155 disease. First, we compared the bacterial α diversity with Shannon and Simpson indices, as 156 well as Chao1 and Shannon's evenness estimators under different storage conditions. Our 157 results showed that the bacterial α diversity was differently altered in samples stored at -158 80 ℃ for 1 or 2 weeks, and 6 months, ET_-80 ℃ and ET_4 ℃ for 1 week, as well as GT 159 and MGIE reagents for 1 week, characterizing as significant lower Shannon and higher 160 Simpson diversity indices compared with fresh samples. Notably, samples stored in LS 161 reagents showed higher Shannon and lower Simpson diversity indices at the 3 time points 162 compared with fresh samples (Fig. 3a-b ). Although the operational taxonomic unit (OTU) 163 10 richness did not differ significantly among storage conditions, considerable variation in 164 evenness was observed. In addition, samples in LS reagents showed the most significant 165 variation in α diversity. (Fig. 3c-d ).
166
Next, Principal Coordinate Analysis (PCoA) based on Weighted UniFrac and 167 Bray_curtis were performed, which showed obvious variation in microbial community 168 under different storage conditions. Generally, samples from the same storage condition for 169 different periods were clustered together compared to storage conditions, suggesting that 170 impacts of storage conditions are larger than storage periods. Specifically, samples stored 171 at -80 ℃, ET_-80 ℃ and MGIE reagents were clustered closely to fresh samples, and 172 followed by those in GT or ET_4 ℃, while samples in LS showed the worst clustering with 173 fresh samples ( Fig. 3e-f ). Collectively, these results suggested that storage conditions had 174 dramatic impact on α or β diversity of gut microbiota to different extent compared with 175 their fresh control, and the impact of storage condition superseded that of storage periods. phyla was well maintained at the 3 time-points in MGIE reagents storage compared to fresh 212 control ( Fig. 5a ).
213
The imbalanced ratio of Firmicutes to Bacteroidetes (F/B) was frequently observed in 214 many diseases (27) (28) (29) (30) , therefore, the evaluation of F/B ratio is of significance for 215 investigating the role of gut microbiota in disease development or drug efficacy. Our results 216 showed that F/B ratios of samples in ET_-80 ℃ and MGIE reagents were of little difference 217 to that of fresh samples, whereas increased F/B ratios were observed in ET_4 ℃, GT and 218 LS reagents, but decreased in -80 ℃ (Fig. S1a ). Consistent with previous results at phylum 219 level, further analysis of the top 20 genera (85% of coverage) showed that samples in -220 80 ℃, ET_-80 ℃, and MGIE reagents introduced the minimum biases, followed by ET_4 ℃ 221 and GT reagents, whereas LS reagents caused the most obvious variation with up to 40 222 altered genera in total. Interestingly, we found that the majority of altered genera in -80 ℃ (Fig. 5b ). In addition, correlation analysis between observed conditions and fresh samples 233 was performed with Spearman's correlation coefficient (SCC). Our results showed that 234 samples in -80 ℃ and ET_-80 ℃ have the highest correlation with fresh samples ranging 235 from 0.85 to 0.9, followed by ET_4 ℃, GT, and MGIE reagents ranging from 0.75 to 0.85.
236
Samples stored in LS reagents exhibited the worst similarity to fresh samples, in which the 237 SCC was less than 0.7( Fig. S1b ). Collectively, our results indicated that samples in ET_-238 80 ℃ and MGIE reagents kept the dominant phyla relatively stable including Firmicutes, 239 Bacteroidetes, and Proteobacteria at 3 time points. Samples in LS reagents showed 240 relatively higher variations at all levels. Moreover, the impacts of short-or long-term 241 storage were not very significant under the same condition. (Fig. 7a-b ).
21
Then, the classification of dominant bacterial populations was performed with typing 318 analysis based on Jensen-Shannon Distance. Samples from platform_1 were annotated into 319 3 types. Samples of fresh, -80℃ and MGIE reagents were clustered type Ⅰ, and samples of 320 ET_-80 ℃, ET_4 ℃, and GT reagents in type Ⅱ, except for those in LS reagents in type 321 Ⅲ
. Although samples from platform_2 were annotated into 4 types, the cluster patterns 322 were similar with platform_1, except for a sub-clustering within type Ⅱ, in which ET_4 ℃ 323 was differently classified with ET_-80 ℃ and GT reagents (Fig. 7c ). The following 324 community abundance analysis revealed the compositional structure of the dominant phyla 325 between the same storage conditions including Firmicutes, Bacteroidetes, and 326 Proteobacteria was comparable in data from the 2 sequencing platforms, even though the 327 absolute values were of much difference, especially in Proteobacteria (Fig. 7d) .
328
Interestingly, similar to that of α diversity, the fluctuating trend of the dominant phyla under 329 different storage conditions was consistent between the two platforms, which was clearly 330 demonstrated by the overlapped F/B ratio under the 2 sequencing platforms (Fig. 7e ).
331
Finally, to assess the alteration of the dominant phyla introduced by sequencing platforms 332 more accurately, we compared the relative abundance ratio (stabilized samples / fresh 333 samples) of Firmicutes, Bacteroidetes, and Proteobacteria under the 2 sequencing platforms.
334
No significant variation in the abundance of the dominant bacteria between two platforms, 335 except for ratio of Proteobacteria in ET_-80℃ and GT reagent (Fig. 7f ).
336
Altogether, our results indicated that variations introduced by sequencing platform led 337 to alterations of bacterial abundance, however, the trend of fluctuation is highly consistent DNA extraction and so on (14, 38, 39) . Commercial stabilizer for preserving fecal samples if different protocols or extraction kits were used (14) . The genomic DNA of all samples 373 was extracted by one experimenter with same protocol in our current study. Furthermore, 374 many studies evaluated the effectiveness of preservation methods by using -80 ℃ or GT 375 reagents stored samples as controls, whereas the efficacy of these preservation conditions showed advantages in long term storage. Notably, we found that samples at 4 ℃ with 70% 394 ethanol showed low similarity to that of fresh samples, which is different from observations 395 from Horng, K. R. et al. 396 Meanwhile, given its "excellent" performance in sample storage, GT reagent was 397 usually considered to be an effective preservation methods and even used as control for 398 evaluating the efficiency of other preservation methods (21, 22, 42) . However, to the best 399 of our knowledge, the similarity of microbiome profile between samples stored in GT 400 reagents and fresh samples was unclear. Thus, in this study, we systemically evaluated the 401 performance of three commonly used commercial stabilizers including GT, MGIE, and LS 402 by comparing to fresh samples. Our results suggested that GT reagents might not be the reagents introduced substantial variations in many aspects.
408
Given that gut microbiota plays critical roles in maintaining human health or disease 409 development by producing microbial metabolites like bile acids or SCFAs (43, 44), the 410 enrichment or depletion in the abundance of the functional bacteria that are SCFAs-411 producing or involved in bile acids metabolism is of great significance for investigating the 412 microbial mechanism. However, very few attention has been paid to the variation that may 413 be introduced during sample collection, storage condition or DNA extraction before 414 sequencing up to now. In our current study, we specifically evaluated the abundance change 415 of bacteria that are involved in SCFA-producing and/or bile acid metabolism using either 416 16S rRNA gene sequencing or qPCR. Our data suggested that different storage conditions 417 could cause diversified fluctuations in the relative abundance of functional bacteria in a 418 time-dependent or -independent way, and we also found that Bacteroides and 419 Lachnospiraceae_NK4A136_group were relatively stable under these storage conditions. 420 Moreover, the exact abundance of 6 functional bacteria in different storage conditions was 421 qualified with samples stored for 6 months. We demonstrated that conditions of -80 ℃, 
430
Previous studies usually evaluated the impacts of short-term or long-term storage on gut 431 microbial profile using samples stored ranging from 24h to 8 weeks (18, 40, 45) . In our 432 current study, the impacts of storage periods under different conditions were further 433 evaluated in a multi-dimensional way after 1 or 2 weeks, and 6 months respectively. Our variations under different storage periods were observed, throughout the experiment, we 440 found that variations between stabilized samples and fresh samples were larger than that of 441 samples stored for different periods under the same storage conditions, indicating that 442 variations caused by ways of storage condition were larger than that of storage period.
443
Additionally, although variations in gut microbiome were mainly caused by the difference 444 between individuals, sequencing is also a source for introducing variations in microbial 445 28 data (25). Our current results showed, although α diversity and the relative abundance at 446 phylum level varied between different platforms, the change trends between two 447 sequencing platforms were still consistent among different storage conditions, indicating 448 that biases introduced by sequencing platforms were less than that introduced by storage 449 conditions. Fecal samples from 10 rats were quickly collected into sterile 50 ml tubes and 479 homogenized as much as possible. Next, these samples were aliquoted immediately, and 480 aliquots were preserved using the following conditions: immediate freezing at -80℃ with 481 or without 70% ethanol (ET_-80℃), refrigerating at 4 °C with 70% ethanol (ET_4℃), the Germany). For samples immersed in solution, aliquots were centrifuged at 13,000 g for 5 492 min, and the supernatant was discarded. The pellet was washed with PBS, and centrifuged 493 again at 13,000 g for 10 min. Subsequent DNA extraction steps were performed according 494 to the manufacturer's instructions. In addition, DNA concentration and the A260/280 ratio 495 were tested by Colibri Microvolume Spectrometer (TIRERTEK BERTHOLD, Germany).
496
16S rRNA gene Sequencing
497
In our current study, DNA samples extracted at day 0, 1week, 2weeks, and 6 months of 498 storage were applied to amplify the V3-V4 region of 16S rRNA gene using the universal 499 primers 338F "ACTCCTACGGGAGGCAGCAG" and 806R 500 "GGACTACHVGGGTWTCTAAT". The sequencing was performed by the Illumina 501 Relative quantification was done using the 2-∆∆CT method. Expression was normalized 530 against universal primer of bacteria. Mean abundance of fresh samples were set as 100%.
531
The primers used are shown in supplementary table S1. 
